A nother approach to analyze survival data is to use regression analysis. This can be accomplished by applying Cox regression, which allows us to calculate a special form of rate ratios known as hazard ratios.
A nother approach to analyze survival data is to use regression analysis. This can be accomplished by applying Cox regression, which allows us to calculate a special form of rate ratios known as hazard ratios. 1 Therefore, instead of just a P value provided by the log-rank test, we can obtain an effect estimate with its confidence intervals, and at the same time we can adjust for other categorical or continuous covariates and interactions.
Hazard vs rate
The true distinction is that a hazard is instantaneous, whereas a rate is calculated over a period of time (and usually it is implicitly assumed to be constant over this period). 2 An analogy could be made with speed; the rate is like average speed: you take the total distance you drove and divide it by the amount of time it took. The hazard is what your speedometer showed at any point in time.
In Table I , we used Cox regression to perform the same analysis as in the previous article with the logrank test. 3 The hazard ratio of 1.28 indicates that the hazard (instant probability) to experience the event (reach alignment) is 28% higher for wire B compared with wire A. The interpretation is similar to the previously encountered regression output. 4 The P value is 0.423 (same as the log-rank test), and it indicates no statistically significant difference between the wires in terms of the instant probability of reaching the alignment.
In Table II , we compare the rates of alignment between wire B vs wire A after adjusting for the amount of crowding. This is logical, since it is likely that in small trials there could be imbalances between treatment groups in terms of crowding. If 1 group has greater mean crowding, then it is likely that the time to reach alignment (the event) will increase; hence, if we do not take it into account, we might incorrectly infer that 1 wire is inferior or superior to the other.
Interpretation
The hazard (instant probability of reaching alignment) is 1.44, and it indicates that wire B has a 44% higher hazard to reach alignment compared with wire A after adjusting for pretreatment crowding (95% CI, 0.78-2.65; P 5 0.25). The pretreatment amount of crowding is a significant predictor, and it indicates that for a 1-mm increase in pretreatment crowding, there is a 27% (27 5 1 -0.73) decrease in the instant probability of reaching alignment.
Cox regression vs logistic regression vs linear regression
Although using survival analysis is different from using logistic regression, the conclusions are similar.
As a reminder and to help make the connection with logistic regression, we ask "what are the odds of reaching alignment in the wire B group compared with the wire A group without accounting for time elapsed (expressed as the odds ratio)?"
In survival analysis, we are asking "what is the instant probability of reaching alignment in the wire B group vs the wire A group (hazard ratio)?" This model includes the 
More on Cox regression and the proportional hazards assumption
A Cox model is based on very small intervals of time, called time-clicks, which contain at most 1 event. This produces a constant rate within each small interval, but also it allows the rate to vary over longer time intervals. For this reason, Cox regression is used to model rates that change very rapidly. In this situation, the numerator of the rate is at most 1, and the denominator is the number of subjects at risk when the event occurs, which is called the risk set. Therefore, risk sets are matched on time.
The Cox survival is valid when the proportional hazard assumption is satisfied. This implies that the hazard can vary with time, whereas the hazard ratio (the effect measure-ie, wire B vs wire A-or the ratio of the rates of exposed to the baseline category of nonexposed subjects in observational studies) must stay constant. This can be verified visually with various graphs and appropriate tests.
There is a plot of the cumulative hazard (on a log scale against time), known as the Nelson-Aalen, in which the proportional hazard assumption is not violated only if the lines tend to be parallel, as shown in the Figure. If the proportional hazard assumption is violated, the data can be partitioned into periods in which the hazard ratio remains constant; hence, separate models can be fitted for the partitioned periods, data can be transformed, or parametric survival models can be used.
Cox regression allows the baseline rate to vary, but it assumes that the rate ratio remains proportional throughout the follow-up period. More specifically, Cox regression is termed "proportional hazards regression."
Overall, Cox proportional hazard regression is a flexible tool that models the hazard, and it describes the probability of failure during a very small time increment, assuming that no failures have occurred before that time. The baseline hazard is not specified, and the hazards of the covariates are assumed to be proportional to the time of the baseline hazard. The results are reported as a hazard ratio, which can be interpreted as the relative risk of an event for each covariate. 
